Background. Although antithrombotic therapies with aspirin, dipyridamole, and heparin have decreased thrombo-occlusive events, they have not abolished these complications. Endovascular mechanical support, first reported by Dotter in 1969, has been proposed as a means to reduce both acute and chronic vessel closure by providing a supporting framework for the disrupted and sometimes dissected arterial wall.
Background. Although antithrombotic therapies with aspirin, dipyridamole, and heparin have decreased thrombo-occlusive events, they have not abolished these complications. Endovascular mechanical support, first reported by Dotter in 1969, has been proposed as a means to reduce both acute and chronic vessel closure by providing a supporting framework for the disrupted and sometimes dissected arterial wall.
Methods and Results. To determine the effects of placing self-expanding stainless steel wire endoprostheses on the accumulation of thrombus at sites of carotid artery endarterectomy we measured platelet deposition continuously for 90 minutes and at 24 and 48 hours by gamma camera imaging of autologous`1In-labeled platelets in six stented and nonstented endarterectomized baboons that received heparin but no antiplatelet agents. At nonstented endarterectomy sites 5.36±1.25x108, 4.78±0.98x108, and 4.55±0.81X108 platelets per cm were deposited at 30, 60, and 90 minutes, respectively. In contrast, stented endarterectomy sites accumulated 0.99+0.31 X 10`, 0.66±0.33 x 108, and 0.80±0.36 X 108 platelets per cm at 30 minutes (p=0.02), 60 minutes (p=0.004), and 90 minutes (p=0.002), respectively. Platelet deposition remained reduced at 24 and 48 hours in stented endarterectomized carotid arteries (ECAs) when assessed as a ratio between net radioactivity in the endarterectomized region versus whole blood radioactivity (p=0.006 and p=0.009, respectively). Both stented and nonstented ECAs remained patent acutely, although two of six nonstented ECAs occluded by 30 days. By comparison 11 of 14 nonstented ECAs remained patent in another group of control animals. Scanning electron microscopy of control and stented arteries at 30 days demonstrated equivalently confluent endothelium.
Conclusions. We postulate that endovascular stents reduce the thrombogenic effects of flap formation, tearing, dissection, and vasospasm 14 animals.
Endarterectomies were performed through a midline neck incision. The common carotid artery was dissected free of surrounding tissues from the aortic arch proximally to the bifurcation distally. A bolus intravenous injection of 100 U/kg porcine heparin sulfate was given (Elkins-Sinn Inc., Cherry Hill, N.J.). No antiplatelet drugs were administered. The common carotid artery was occluded with an atraumatic microsurgical vascular clamp placed at each end of the exposed vessel and divided 1 cm proximal to the distal clamp (Figure 1 ). The proximal segment was then everted over curved forceps until maximum exposure of the vascular luminal surface was obtained. The endarterectomy was begun 1 cm from the divided end of the artery and continued for 1 cm. The intima was removed with a portion of the media using microvascular forceps and a surgical microscope for visualization (x32 magnification, Zeiss operating microscope). After the endarterectomy, the vessel was restored to its normal configuration and an end-to-end anastomosis was accomplished under x2.5 optical magnification using continuous 7-0 polypropylene sutures (Ethicon Inc., Somerville, N.J.).
To localize precisely the endarterectomy site for gamma camera imaging, a 57Co radioisotope source (approximately 5 ,uCi) was sealed in a 1.0-cm length of 0.6-mm-i.d. polyethylene tubing (PE-50, Clay Adams Incorporated, New York, N.Y.). The 57Co source was affixed to the underlying endarterectomy site by suturing it to the adventitia with 7-0 polypropylene sutures. The endarterectomy regionof-interest (ROI) was defined by first localizing the lower energy 57Co source. Subsequently the higher energy`In-platelet activity was measured in the same ROI. Through this colocalization technique we obviated potentially confounding effects of incorrectly locating the endarterectomy ROI during the analysis. This precaution is particularly important to avoid artifacts when the site of platelet deposition is not visibly obvious due to decreased platelet accumulation.
To measure directly the attenuation of "'1In-platelet radioactivity by overlying soft tissue, a "'1In standard (approximately 5 uCi "'1In sealed within 0.6-mm-i.d. polyethylene tubing) was implanted adjacent to the carotid artery (see below).
The endarterectomy was performed in identical fashion for each carotid artery. However, prior to reanastomosis of the ECA to be stented, the catheter containing the endovascular stent was advanced through the open proximal end of the divided carotid artery ( Figure  1 ). Care was taken to ensure that the stent was deployed precisely across the endarterectomy site with an equal length of stent extending proximally and distally from the endarterectomy. The distal end of the stent did not extend to the site of arterial anastomosis. After the stent was deployed, anastomosis of the carotid artery and subsequent placement of radioisotope markers were performed as described. The wound was closed in layers with running sutures. Scintillation camera images were performed within 30 minutes of restoring flow in the operated arteries. Blood loss was minimal and no adverse reactions were noted.
Platelet Imaging Procedures
Autologous baboon platelets were labeled with 800-1,000 ,uCi`'In-oxine as previously described'9-22 and reinjected at least 2 hours prior to imaging. Labeling efficiencies averaged 90%. "`Inlabeled platelets were functionally normal.'8"19,2' Platelet counts were determined before and daily throughout each imaging study using whole blood collected in Na2 EDTA (2 mg/ml) and a Baker model 810 whole blood analyzer.
Gamma camera images of both carotid arteries were acquired with a Searle PHO/Gamma V scintillation camera (Siemens Medical System, Iselin, N.J.) and stored and analyzed on a Medical Data System A3 Computer (Medtronics, Ann Arbor, Mich.). A medium-energy collimator was placed close to the skin surface. The location of the endarterectomy ROI was determined by imaging the overlying lower energy 57Co marker. The '11in-standard adjacent to the carotid artery was then imaged for 5 minutes.
After this initial image was acquired, the "'In-standard was withdrawn and the "'In-activity of the withdrawn internal standard was measured. An image of the neck following removal of the "'In-source was also immediately taken. The ratio of the "'Instandard alone, before and after removal from the wound, provided a direct measure of the attenuation produced by intervening tissues on the platelet "'Inactivity deposited at the endarterectomy site.22
Total deposited "'In-platelet activity at the endarterectomy site was determined by placing an ROI measuring 0.5 x 1.0 cm on the coordinates previously identified by the 57Co standard. Measurements of "'In-activity at the endarterectomy site were corrected for background activity by subtracting the "'In-activity in an identically-sized ROI at the appropriate contralateral location, thereby yielding a measurement of deposited radioactivity only. For half of the studies in the six animals having both stented and i752 Circulation Vol 84, No 4 October 1991 nonstented endarterectomy procedures the background ROI was at a site that had undergone an operation 1 month previously. In other studies we have found that ROI background "'in-activity at healed ECAs is equivalent to unoperated ROI background radioactivity (data not shown). The "'Inactivity at the site of endarterectomy was then corrected for tissue attenuation as described above. Activity of a 5 ml whole blood standard was also determined. The activity of the blood standard was also corrected for the small fraction of circulating nonplatelet (plasma) radioactivity to yield plateletassociated "`In-activity per ml of whole blood. Total platelet deposition, which included both labeled and unlabeled platelets, was calculated by dividing the endarterectomy deposited counts per minute (CPM) of radioactivity by circulating platelet CPM (blood standard) and multiplying by the circulating platelet count (platelets per ml of whole blood) as measured in the blood standard sample.
Because circulating "'In-platelet activity was cleared continuously through normal physiologic mechanisms, platelet accumulation after the acute 30-90-minute time period could not be expressed as total platelet deposition. Therefore, the 24-and 48-hour data were expressed as the ratio of the "'In-platelet activity at the endarterectomy site to the "'In-platelet activity in circulating whole blood. This measurement was independent of the size of the animal, the amount of isotope injected, or the extent to which the isotope may have decayed. Radioactivity values in these calculations refer to platelet activity only, with blood and standard values corrected for the small fraction of nonplatelet MlIn-activity. [19] [20] [21] [22] Images were obtained at 30, 60, and 90 minutes after restoring carotid blood flow, and at 24 and 48 hours after surgery. Duplex Ultrasound Analysis Duplex ultrasound analysis, which combines both high resolution B-mode imaging and Doppler spectral flow analysis, was used to determine patency of the operated carotid artery noninvasively after the 90-minute gamma camera image, at 24 and 48 hours after surgery, and at weekly intervals for 30 days. An ATZ-MK600 duplex scanner (Advanced Technology Labs, Inc., Seattle, Wash.) was used. This technique has previously been shown to accurately verify patency and occlusion of manipulated carotid arteries in baboons, although estimates of arterial diameter and flow rates for these small diameter vessels were less certain using this instrumentation. 23 
Morphology
One month after performing the second carotid endarterectomy, each animal was killed by perfusion fixation with 2.5% glutaraldehyde in 0.1 M phosphate buffer.24 In brief, after achieving ketamine analepsis and halothane anesthesia, both internal jugular veins were cannulated for subsequent exit drainage. Mechanical ventilation was initiated and median sternotomy performed. The pericardium was incised and a 10-gauge needle (connected to the perfusion delivery tubing) was inserted into the left ventricle after clamping the aorta distal to the origin of the left common carotid artery. To maintain normal distention of the carotid vessels, the fixative flow rate was adjusted to maintain 90-100 mm Hg intra-arterial pressure. Perfusion fixation continued for 30 minutes.
The carotid arteries were resected en-bloc, the attached`7Co standards were removed, and the specimens (with and without stents) were prepared for scanning electron microscopy as described previously (Hitachi-S 520 electron microscope, Mountain View, Calif.).22
Data Analysis
Data were analyzed using the CLINFO computer program provided through the Division of Research Sources, Heart, Lung, and Blood Institute of the National Institutes of Health. Comparisons between groups were made using Student's t test (two-tailed) for paired and unpaired data, and by x2 analysis. Variance about the mean is given as ± 1 SEM.
Results
Circulating platelet counts averaged 256±22x 103 platelets per g1 in the animals at the time of control endarterectomies and 246±16x103 platelets per ,ul when the animals underwent stented endarterectomies (p=0.7). The platelet counts remained unchanged throughout the imaging studies (p>0.75 in all cases comparing baseline, day 1, and day 2).
Platelet deposition at control endarterectomy sites occurred rapidly, reaching a plateau within 30 minutes ( Figure 2) . Maximum "'In-platelet radioactivity was precisely localized to the position identified by the 57Co standard (Figure 3) This stent-induced reduction in platelet deposition on endarterectomized vessels was sustained throughout the subsequent 48-hour period of observation (Figure 4) . The endarterectomy to blood ratio (EBR) for unstented endarterectomies was 1 24 and 48 hours showed that all unstented and stented vessels remained patent during the initial acute period of observation, although two of six unstented ECAs were occluded at 2 weeks. All stented carotid arteries remained patent throughout the 30-day period of observation. By comparison, 11 of 14 unstented ECAs remained patent at 30 days in studies performed in other animals (p=0.09).
Scanning electron microscopy of endarterectomy sites showed a confluent endothelial morphology in both stented and nonstented arteries ( Figure 5 ). Myointimal hyperplasia was detected but not quantified in both control and treated endarterectomy sites ( Figure 5 ).
Discussion
This study demonstrates that thrombus formation secondary to surgical endarterectomy is substantially decreased by placing self-expanding, endovascular white blood cells (Figure 2) . 18, 19, 22 In this study "1in-platelet deposition has been used as a measure of thrombus formation since it maintains a constant relationship to the amount of fibrin present in forming thrombus. 43 Thus, the clinical and experimental data demonstrate that in selected situations vascular stenting may decrease acute thrombus formation at sites of luminal mechanical arterial damage. We postulate that this benefit is achieved by correcting the thrombogenic effects of mechanical tearing, flap formation, and dissection of arterial wall flow surfaces with associated disturbed flow conditions.
